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Abstract
Background—Leukocytes collected from hematopoietic stem cell transplant donors are often
given to the recipient to speed immune recovery or treat disease relapse. The post-thaw recovery
and viability of cryopreserved donor leukocytes, stored for as long as seven years, was assessed.

Methods—Total nucleated cell (TNC) cell recovery, CD3+ cell recovery, and TNC viability
were measured in 311 clinical donor leukocyte products: 168 products were unmanipulated or
minimally manipulated and 143 products were extensively manipulated. An additional 45 products
were selected because they were stored for a longer duration; these were tested using both
standard methods and global transcriptional analysis. All products were cryopreserved in 5%
DMSO plus 6% pentastarch and stored in liquid nitrogen.

Results—The mean duration of storage of the 311 products was 143 days. Their TNC recovery
was 92 ± 17%, CD3+ cell recovery was 76 ± 19% and the TNC viability was 84 ± 6%. Duration
of storage had no effect on TNC recovery, CD3+ cell recovery or TNC viability of the 311
products. The mean duration of storage of the long-term stored products was 5.2 years; their TNC
recovery (93 ± 14%) and the TNC viability (78 ± 13%) did not differ from the 311 products, but
their CD3 cell recovery was greater (86 ± 22%; p=0.0042). Gene expression profiles of the long-
term stored products revealed no differences due to storage duration.

Conclusions—Donor leukocyte products cryopreserved in 5% DMSO and 6% pentastarch can
be stored in liquid nitrogen for at least 7 years.

Introduction
Peripheral blood mononuclear cells (PBMCs) collected by apheresis from allogeneic
hematopoietic stem cell (HSC) transplant donors are often given to the transplant recipient
as post-transplant immune therapy.1, 2 Unmanipulated or minimally manipulated PBMCs are
given to speed immune recovery following transplantation with T cell depleted grafts; they
are also used to prevent and treat leukemia relapse following transplantation. Some of these
donor leukocyte products are processed extensively. For example, in some cases, T cells are
treated to polarize them to a TH2 phenotype3 or to deplete allo-reactive T cells4 in order to
reduce the risk of GVHD while maintaining a graft versus tumor effect.

Minimally manipulated and extensively manipulated donor lymphocytes are often collected
and processed near the time of HSC donation, cryopreserved and stored in the vapor or
liquid phase of liquid nitrogen until they are needed. In most cases, the products are stored
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for a few days to a few months; however, some of these products are stored for several
years. When lymphocytes are cryopreserved in solutions containing 10% DMSO using a
controlled-rate freezer and are stored in liquid nitrogen, they can remain functional for a
long period of time.5–8

For many years, DMSO at a final concentration of 10% was the standard cryoprotectant.
However, the transfusion of DMSO with thawed cellular therapies may cause nausea,
vomiting, headache, flushing, chest tightness, hypotension, hypertension, bradycardia or
abdominal cramps.9–13 In order to reduce these toxicities, several groups have investigated
the cryopreservation of cells with lower concentrations of DMSO and some have found the
that post-thaw recovery of cells stored in 5% DMSO is superior than those stored in 10%
DMSO.14–16 One comparison of the post-thaw cellular recoveries of CD34+, T and NK cell
subsets from mobilized PBSCs stored in 2, 4, 5, and 10% DMSO found the best post-thaw
recovery in cells stored in 4 or 5% DMSO.17,18 Comparison of the clinical engraftment of
cryopreserved autologous peripheral blood stem cell (PBSC) components found no
differences in platelet and neutrophil recovery between transplants performed with PBSCs
stored in 5 and 10% DMSO.19 While the post-thaw recoveries of HSCs and leukocytes have
been similar in 5% and 10% DMSO, almost all of the studies assessed cells from
granulocyte colony-stimulating factor (G-CSF) mobilized PBSC components.

To further explore the effectiveness of 5% DMSO as a cryoprotectant for long-term storage
of leukocytes, we evaluated a large number of clinical donor leukocyte products
cryopreserved, stored and thawed in a clinical cell processing laboratory. We assessed the
post-thaw recovery of total nucleated cells (TNCs), CD3+ cells and TNC viability of
unmanipulated, minimally manipulated and extensively manipulated products tested as part
of our laboratory’s routine post-thaw quality assurance testing. We also tested leukocyte
products that were intended for clinical use but were to be discarded and had been stored a
longer duration of time, up to 7.8 years. These products were assessed using standard
methods as well as with global transcriptional analysis to provide a more comprehensive
analysis of the thawed cells.

Materials and Methods
Study Design

We studied donor leukocyte products that had been collected and cryopreserved for use in
clinical cell therapy protocols. A total of 356 leukocyte products were tested including
unmanipulated, minimally manipulated, and extensively manipulated products. The
minimally manipulated products were processed to remove plasma or red blood cells to
prevent hemolytic reactions due to ABO incompatibility between the donor and recipient.
Extensively manipulated products included PBMC concentrates that were treated with
cytokines or growth factors, were stimulated with CD3/CD8 beads, were enriched for
subpopulations, or were where co-cultured with other cells. The products studied were used,
or were intended to be used, for clinical donor lymphocytes infusions.

Three hundred eleven of the leukocyte products were tested at the time they were thawed
and infused as part of our laboratory’s routine quality assurance testing. The products were
cryopreserved from October 2000 through December 2008 and were tested from March
2001 through April 2009. TNC counts, 7AAD-viability, and proportion of cells expressing
CD3 were measured both pre-cryopreservation and post-thaw.

An additional 45 leukocyte products that were to be discarded because they were no longer
needed for clinical care were also tested. In most cases, this was because the intended
recipient of the product had died. These products were cryopreserved between February
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2001 and December 2008 and were thawed between June 2008 and January 2009. All of
these products were thawed and tested using our laboratory’s thawing and post-thaw testing
procedures. Cell counts, viability and number of cells expressing CD3 were measured pre-
cryopreservation and post-thaw. The post-thaw samples were also assessed by global
transcriptome analysis.

Cryopreservation
All products were cryopreserved using a controlled rate freezer (Kryosave, Integra, Planer
plc, Sunbury-on-Thames, UK) and 5% DMSO and 6% pentastarch with 4% HSA as a
cryoprotectant. The products were stored in aliquots with a final volume of 4.5, 25 or 50
mL; aliquots whose final volume was 4.5 mL were stored in vials (Nunc Cryotube Vials,
Roskilde, Denmark) and aliquots of 25 and 50 mL were stored in bags. The cell
concentration of products frozen in vials ranged from 1 × 106 per mL to 1 × 108 per mL
while that of products frozen in bags ranged from 2 × 107 to 3 × 108 cells per mL. The
cryopreserved bags and vials were stored in both the vapor and liquid phases of liquid
nitrogen.

From October 2000 through January 22, 2002 the products were cryopreserved in
poly(ethylene co-vinyl acetate) (EVA) plastic bags (Cryocyte freezing container, PL 269
plastic, Baxter Healthcare, Deerfield, IL) and from January 23, 2002 through December
2008 in polyfluoroethylene polyfluoropropylene (FEP) bags (KryoSure, American Fluroseal
Corporation, Gaithersburg MD).20

Thawing leukocyte products
The products were thawed in a water bath at 37°C. Immediately after thawing, the products
that had been cryopreserved in vials were diluted to a final volume of 30 mL with Plasma-
Lyte A (Baxter Healthcare) containing 10 units per mL of preservative free heparin. When
the 25 mL bags were thawed, 6 mL of Plasma-Lyte A was added and 12 mL of Plasma-Lyte
A was added to 50 mL aliquots cryopreserved in bags.

Post-thaw quality control testing
An aliquot of the product was diluted 5-fold in Plasma-Lyte A immediately after thawing.
Cell counts were performed using an automated cell counter (Abbott CellDyn 3500) and the
cells were analyzed by flow cytometry (BD Biosciences, San Jose, CA) with anti-CD3 and
CD45 (BD Biosciences). Viability was assessed by flow cytometry and 7-AAD staining.

RNA preparation, RNA amplification and labeling for oligonucleotide microarray
Total RNA was extracted from a sample from each of the thawed leukocyte products using
Trizol reagent (Invitrogen, Carlsbad, CA). RNA integrity was assessed using the Agilent
2100 Bioanalyser (Agilent Technologies, Waldbronn, Germany). Total RNA (3μg) from the
leukocytes was amplified into anti-sense RNA (aRNA). Also, total RNA from PBMCs
pooled from six normal donors was extracted and amplified into aRNA to serve as the
reference. Pooled reference and test aRNA were isolated and amplified in identical
conditions during the same amplification/hybridization procedure to avoid possible inter-
experimental biases. Both reference and test aRNA were directly labeled using ULS aRNA
Fluorescent Labeling kit (Kreatech, Amsterdam, The Netherlands) with Cy3 for reference
and Cy5 for test samples.

Whole-genome human 36K oligonucleotide microarrays were printed in the Infectious
Disease and Immunogenetics Section, DTM, Clinical Center, NIH (Bethesda, MD) using a
commercial probe set which contains 35,035 oligonucleotide probes, representing
approximately 25,100 unique genes and 39,600 transcripts excluding control
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oligonucleotides (Operon Human Genome Array-Ready Oligo Set version 4.0, Huntsville,
AL, USA). The design is based on the Ensemble Human Database build (NCBI-35c), with a
full coverage on NCBI human Refseq dataset (04/04/2005). The microarray was composed
of 48 blocks; one spot was printed per probe per slide. Hybridization was carried out in a
water bath at 42°C for 18 to 24 hours and the arrays were then washed and scanned on a
GenePix scanner Pro 4.0 (Axon, Sunnyvale, CA) at variable photomultiplier tube to obtain
optimized signal intensities with minimum (<1% spots) intensity saturation.

Statistical analysis
The resulting data files were uploaded to the mAdb database (http://nciarray.nci.nih.gov/)
and further analyzed using BRBArrayTools developed by the Biometric Research Branch,
National Cancer Institute (http://linus.nci.nih.gov/BRB-ArrayTools.html) and Cluster and
TreeView software. Briefly, the raw data set was filtered according to a standard procedure
to exclude spots with a minimum intensity that was arbitrarily set to an intensity parameter
of 200 for both fluorescence channels. If the fluorescence intensity of one channel was
greater than 200 and that of the other was less than 200, the fluorescence of the low intensity
channel was arbitrarily set to 200. Spots with diameters < 20μm were excluded from the
analysis. The filtered data were normalized using median over entire array.

For each sample the TNC recovery was equal to (pre-cryopreservation TNC × product
volume)/(post-thaw TNC × post thaw volume) × 100 and the CD3+ cell recovery was (pre-
cryopreservation TNC × pre-cryopreservation CD3% × product volume)/(post-thaw TNC ×
post-thaw CD3% × post thaw volume) × 100. All data were expressed as mean ± one
standard deviation. Groups were compared using t-tests or correlation coefficients (Excel,
Microsoft, Redmond, Washington)

Results
Recovery of thawed leukocytes

The duration of storage of the 311 clinical leukocyte products evaluated as part of the
laboratory’s routine quality assurance program ranged from 1 day to 5.5 years, and the mean
duration of storage was 143 days. The TNC recovery was 92 ± 17%, the CD3+ cell recovery
was 76 ± 19% and the TNC viability was 84 ± 6%. The post-thaw recovery was analyzed in
leukocyte products stored for various periods of time; the duration of storage had no effect
on the recoveries of TNCs, the CD3+ cells, or TNC viability (Table 1 and Figure 1).

Among the 311 leukocyte products, 168 were minimally or unmanipulated lymphocyte
products and 143 were extensively manipulated. The duration of storage of the 168
minimally and unmanipulated leukocytes was significantly greater than the extensively
manipulated leukocytes (181 ± 288 days versus 81 ± 92 days, p = 8.13 × 10−5). The TNC
recovery of the 168 minimally and unmanipulated lymphocytes was 93 ± 18%, the CD3+
cell recovery was 74 ± 19% and the TNC viability was 80 ±12%. The TNC recovery of the
143 extensively manipulated leukocyte products (90 ± 17%) did not differ from that of
minimally and unmanipulated products, but the CD3+ cell recovery and post-thaw TNC
viability was slightly greater for extensively manipulated leukocyte products (79 ± 19%, p =
0.015 and 85 ± 11% respectively, p < 0.001) (Figure 2). Storage duration did not affect the
TNC recovery, CD3 cell recovery or TNC viability of minimally and unmanipulated
leukocyte (Table 2) or extensively manipulated leukocyte products (Table 3).

The post-thaw recoveries of 43 products stored in Cryocyte PL 269 plastic bags were
compared to the post-thaw recoveries of 247 products stored in KryoSafe FEP bags.
Although products cryopreserved in PL 269 bags had been stored longer than those stored in
FEP bags (239 ± 432 days compared to 124 ± 171 days, p < 0.01, respectively for PL 269
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and FEP bags), there were no differences in TNC recovery (89.9 ± 16.2% versus 91.2 ±
18.2%), CD3+ cell recovery (71.2 ± 20.1 versus 77.2 ± 19.3%) and TNC viability (83.4 ±
9.7% versus 82.9 ± 11.7%).

The concentration of cryopreserved TNCs in each product ranged from 1.87 × 107 to 3.33 ×
108 cells/mL. When all 311 products were analyzed higher cell concentrations were weakly
associated with decreased TNC and CD3+ cell recoveries (r = −0.17; p<0.003 and r = −0.23;
p<0.001 respectively) but not post-thaw TNC viability (r = −0.097; p>0.05). There were no
differences in cell concentration between minimally manipulated and unmanipulated
lymphocytes compared to extensively manipulated products (7.63 × 107 ± 6.92 × 107 cells/
mL versus 8.17 × 107 ± 5.30 × 107 cells/mL, p = 0.27), but products stored in PL 269 had a
slightly higher concentration of cells of TNCs than those stored in FEP bags (1.00 × 108 ±
6.92 × 107 cells/mL versus 7.31 × 107 ± 6.02 × 107 cells/mL, p = 0.018)

Molecular analysis of long-term stored leukocyte products
We analyzed the leukocyte recoveries in 45 long-term stored clinical leukocyte products.
The duration of storage of these products (mean = 5.22 years, range 48 days to 7.80 years)
was significantly longer than the other 311 products analyzed; p < 1 × 10−6). These 45
products were products from 37 subjects. Two products were collected, processed,
cryopreserved, and thawed at the same time from 3 different people, (donors 2, 3 and 5), 3
products from one person (donor 1) and 4 from one person (donor 4). When duplicate
products were excluded and only the first product thawed from each subject was considered,
37 products were analyzed. The total nucleated cell recovery for these 37 products was 93 ±
14%, the CD3 cell recovery was 86 ± 22% and the post thaw TNC viability was 78 ± 13%
(Table 4). There were no differences in the TNC and post-thaw TNC viability between the
37 long-term stored products and the 311 short-term stored products, but the CD3+ cell
recovery was greater in the group of 37 products that had been stored longer (p = 0.0042).

Thirty-seven of the 45 long-term stored products were minimally or unmanipulated and 8
were extensively manipulated products. Among the 37 minimally and unmanipulated
lymphocyte products, two products were collected, cryopreserved, and thawed at the same
time from 3 people (donors 2, 3, and 5) and the remaining 31 products were from separate
subjects. The second product from each of the 3 donors with duplicate products was
excluded from the post-thaw analysis and the post-thaw recoveries were determined for the
remaining 34 minimally and unmanipulated products. The TNC recovery for these 34
minimally and unmanipulated lymphocytes collected from unique subjects was 88 ± 20%,
the CD3+ cell recovery 82 ± 17% and the post-thaw TNC viability was 82 ± 8% Although
these 34 minimally and unmanipulated products were stored for a longer period of time than
the 168 minimally and unmanipulated products that were not analyzed at a molecular level,
there were no differences in the TNC and post-thaw TNC viability between the two groups,
and the CD3+ cell recovery was greater in the group of 34 products that had been stored
longer (p = 0.0298).

All 45 long-term stored products were analyzed by global gene expression profiling to
determine any differences in leukocytes stored for a longer duration of time. Unsupervised
hierarchical clustering analysis of all 45 samples revealed several clusters, but the samples
did not cluster by storage duration. Instead, they clustered by donor (Figure 3). Products 1, 2
and 3, from donor 1, were all found in the same cluster (Figure 4). This same cluster also
contained products 4 and 5 which were from donor 2. Products 7, 9, and 10 were from one
donor (donor 4); they were all in the same cluster, but a fourth product from this same donor
(product 11) was in a different cluster. Products 6 and 8 from donor 3 also clustered together
as did products 12 and 13 from donor 5.
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The gene expression profiles of the 37 minimally and unmanipulated lymphocyte products
were also analyzed by unsupervised hierarchical clustering and samples again clustered by
product donor rather than by duration of product storage (Figure 5). Products 4 and 5 from
donor 2 again clustered together as did products 6 and 8 from donor 3. Products 12 and 13
from donor 5, however, were in different clusters.

Discussion
To determine if leukocyte and leukocyte derived cellular therapies can be stored long-term
in 5% DMSO, we investigated the effects of storage duration on clinical leukocyte products
stored under clinical conditions. The products were cryopreserved in 5% DMSO plus 6%
pentastarch with 4% HSA and were stored, in either the liquid or vapor phase of liquid
nitrogen. Two groups of products were studied; one which was tested as part of routine post-
thaw quality control testing another of products that were no longer needed clinically and
were stored for a much longer period of time.

The products studied included unmanipulated, minimally manipulated and extensively
manipulated leukocytes. The minimally and unmanipulated products were considered as one
group and were compared to extensively manipulated products. Of the 311 products tested
as part of the laboratory’s routine post-thaw testing program, duration of storage did not
affect TNC, TNC viability, or CD3+ cell recovery for products within each of these two
groups. When the extensively and minimally and unmanipulated products were compared,
there was no difference in TNC recovery; however, TNC viability and CD3+ cell recovery
was greater in extensively manipulated products. The reason for these differences is not
clear, but we suspect it is due to some inherent properties of extensively manipulated cells
rather than due to a shorter average duration of storage of the extensively manipulated cells.
The cytokine, antibody or other treatments performed on the extensively manipulated
products may have changed the CD3+ cells in a way that resulted in improved post-thaw
recovery.

Our process involved cryopreserving cells in fixed volumes of 4.5, 25 or 50mL. Different
doses of cells were cryopreserved by varying the cell concentration. Cryopreserving cells at
higher concentrations was found to be weakly associated with reduced post-thaw TNC and
CD3+ cell recoveries. Since there was no difference in the concentration of cryopreserved
minimally and unmanipulated cells and extensively manipulated products, cell concentration
differences did not account for the increased CD3+ cell recoveries of extensively
manipulated cells.

The leukocyte products that were tested during post-thaw quality control were stored for a
relatively short duration of time; most for less than 90 days and almost all for less than two
years. Analysis of the products stored for a longer period of time found that the TNC and
TNC viability was similar to the products stored short-term; however, the CD3+ cell
recovery was superior in the products stored long-term.

Few recent studies have investigated the recovery and viability of stored cryopreserved
leukocytes, but some studies of cryopreserved G-CSF mobilized PBSC concentrates have
assessed the viability and recovery of leukocytes in these products; the results of these
studies were similar to the results of our studies. One study of 20 PBSC concentrates
cryopreserved in 5% DMSO, stored 5 years in liquid nitrogen, found that the post-thaw
median WBC viability was 69% and ranged from 45% to 79%. The median CD3+ cell
viability was 75% and ranged from 35% to 87%.18 Another study of PBSC concentrates
cryopreserved in 5% DMSO from 8 subjects with sickle cell trait and 8 control subjects
found that the median post-thaw TNC recovery was 82.9% and mean ±1SD was 81.4 ±
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4.8% for control subjects and was 73.2 and 77.9 ± 19.7% for patients with sickle cell trait.
The CD3+ cell recovery was 41.2% (41.8 ± 17.6%) for control subjects and 41.2% (44.3 ±
15.9%) for those with sickle cell trait.21

Global gene expression profiling can be effectively used to distinguish slight changes in
cells. We have used gene expression to distinguish differences between embryonic stem
cells and embryoid bodies,22 different types of leukocytes,23 different types of peripheral
blood CD34+ cells24 and differences in PBMC products stored in liquid phase at 4°C for 48
hours.25 To more thoroughly investigate the effects of storage duration on cryopreserved
leukocyte products, we studied these products by global transcriptome analysis and did not
find any storage duration dependent changes. The fact that gene expression profiling
clustered the products collected and processed at the same time and from the same subject,
suggests that gene expression analysis maybe a useful tool for assessing cryopreserved cells,
however, further studies are needed.

In 2002, our lab changed from the use of PL 269 plastic to FEP bags for the
cryopreservation and storage of cellular and gene therapies.20 We compared the post-thaw
recovery of cells stored in the two types of bags and found no difference in the post-thaw
recoveries and viabilities. However, the products were stored for a longer duration and at a
slightly higher concentration in PL 269 bags.

In conclusion, these results show that clinical products cryopreserved in 5% DMSO and 6%
pentastarch with 4% HSA can be stored in clinical liquid nitrogen freezers for up to 7 years.
In fact, since no changes in leukocytes were noted among cryopreserved products stored
various durations of time, even longer durations of storage are reasonable. They also show
that leukocytes can be stored in FEP bags.
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Figure 1.
Impact of storage duration on the post-thaw recovery of TNCs and CD3+ cells and TNC
viability in clinical donor leukocyte products. Three hundred eleven clinical leukocyte
products were cryopreserved in 5% DMSO and 6% pentastarch, were stored in liquid
nitrogen, and were thawed. The post-thaw recovery of TNCs for products stored for various
durations of time is shown in panel A, the post-thaw CD3+ cell recovery is show in panel B
and the post-thaw TNC viability in panel C. Products were grouped by those stored up to 30
days (black diamonds), 31 to 90 days (red squares), 91 to 180 days (yellow triangles), 181 to
365 days (blue Xs), 1 to 2 years (purple Xs), and more than 2 years (brown circles).
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Figure 2.
Comparison of post-thaw analysis of minimally and extensively manipulated donor
leukocyte products. Three hundred eleven donor lymphocyte products cryopreserved in 5%
DMSO and 6% pentastarch and were stored in liquid or vapor phase of liquid nitrogen. The
post-thaw recovery TNCs of 168 minimally (blue diamonds) 143 extensively (red triangles)
manipulated products are shown in panel A. The post-thaw CD3+ cell recovery are shown in
panel B and the post-thaw TNC viability in panel C.
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Figure 3.
Global gene expression profiling of 45 leukocyte products that were stored up to 7 years.
The 45 minimally and extensively manipulated cryopreserved and long-term stored
leukocyte products were thawed and analyzed by gene expression profiling using an
oligonucleotide microarrays with more than 36,000 probes. After filtering out genes
expressed in less than 80% of samples, 11,420 genes remained which were analyzed by
unsupervised hierarchical cluster analysis of Eisen.
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Figure 4.
Dentogram of global gene expression analysis of 45 cryopreserved and long-term stored
leukocyte products showing the relationships of products collected from the same donors.
The 45 minimally and extensively manipulated cryopreserved leukocyte products were
analyzed by gene expression profiling and unsupervised hierarchical clustering analysis.
Multiple products collected from the same donor are indicated.
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Figure 5.
Global gene expression profiling 37 minimally and unmanipulated leukocyte products that
were stored up to 7 years. The 37 minimally and unmanipulated cryopreserved leukocyte
products were thawed and analyzed by gene expression profiling using oligonucleotide
microarrays with 36,000 probes. After filtering out genes expressed in less than 80% of
samples, 11,848 genes remained which were analyzed by unsupervised hierarchical cluster
analysis of Eisen. Duplicate products collected, processed, cryopreserved, and thawed at the
same time from the same donor are indicated by dashes. Duplicate products from donor 2
are indicated by orange dashes, from donor 3 by red dashes, and from donor 5 by blue
dashes.
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Table 1

Recovery of total nucleated cells (TNCs) and CD3+ cells following cryopreservation, storage, and thawing of
311 leukocyte components; effects of duration of storage

Storage Duration Number

Post Thaw Recovery (%)

Post Thaw TNC Viability (%)TNC CD3

1 to 30 days 93 90 ± 16 78 ± 19 83 ± 13

31 to 90 days 100 90 ± 18 76 ± 18 83 ± 11

91 to 180 61 97 ± 17 78 ± 20 82 ± 10

181 to 365 31 92 ± 17 72 ± 20 79 ± 15

1 to 2 years 18 88 ± 19 70 ± 19 79 ± 9

> 2 years 8 96 ± 18 80 ± 19 82 ± 6

All 311 92 ± 17 76 ± 19 84 ± 6
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Table 2

Recovery of total nucleated cells (TNCs) and CD3+ cells following cryopreservation, storage, and thawing of
168 unmanipulated and minimally manipulated donor leukocyte products; effects of duration of storage

Storage Duration Number

Post Thaw Recovery (%)

Post Thaw TNC Viability (%)TNC CD3

1 to 30 days 38 88 ± 17 69 ± 19 76 ± 14

31 to 90 days 53 93 ± 17 74 ± 16 81 ± 11

91 to 180 37 97 ± 17 78 ± 20 81 ± 11

181 to 365 17 93 ± 18 75 ± 21 81 ± 13

1 to 2 years 15 87 ± 19 67 ± 21 77 ± 14

> 2 years 8 96 ± 18 80 ± 19 84 ± 6

All 168 93 ± 18 74 ± 19 80 ± 12
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Table 3

Recovery of Total Nucleated Cells (TNCs) and CD3+ cells following cryopreservation, storage, and thawing
of 143 extensively manipulated donor leukocyte products; effects of duration of storage

Storage Duration Number

Post Thaw Recovery (%)

Post Thaw TNC Viability (%)TNC CD3

1 to 30 days 55 91 ± 15 84 ± 18 88 ± 10

31 to 90 days 47 87 ± 18 78 ± 21 86 ± 11

91 to 180 24 95 ± 18 78 ± 21 84 ± 9

181 to 365 13 90 ± 18 72 ± 18 78 ± 15

1 to 2 years 4 92 ± 15 72 ± 14 75 ± 10

> 2 years 0 ---- ---- ----

All 143 90 ± 17 79 ± 19 85 ± 11
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Table 4

Recovery of Total Nucleated Cells (TNCs) and CD3+ cells following cryopreservation, storage, and thawing
of 37 long-term stored leukocyte products

Storage Duration Number

Post Thaw Recovery (%)

Post Thaw TNC Viability (%)TNC CD3

Up to 2 years 4 97 ± 7 84 ± 11 79 ± 11

2 to <4 years 5 102 ± 11 98 ± 19 90 ± 11

4 to <6 years 9 98 ± 9 96 ± 24 79 ± 9

>6 years 19 87 ± 18 78 ± 21 74 ± 14

All 37 93 ± 14 86 ± 22 78 ± 13
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